Twenty-one chronic duodenal ulcer patients in a riceeating area were put on to an unrefined wheat diet and twenty-one continued on their previous rice diet. After 5 years only 14Y% of the first group had had relapses compared with 81% of the second group. A similar 5-year relapse rate (80%) was obtained in a group of thirty patients from another area with a more varied rice diet. The author attributes this difference to the increased mastication required by the unrefined wheat diet, which is associated with an increase in saliva, lower stomach acidity and reduced bile output.
Introduction
Duodenal ulcer is known to be more common in the rice-eating areas of India and Pakistan than in the wheat-eating areas (Malhotra, 1967a) . This difference in incidence has been attributed to the differences in diet and eating habits, but so far no controlled trials have been done to substantiate this.
In the present trial one half of a group of forty-two patients with chronic duodenal ulcer at a Railway Hospital in Bombay were persuaded to change to an unrefined wheat diet and to masticate it well. They were followed up for a 5-year period. The incidence of relapses in this period was compared with a similar group who continued with their customary rice diet.
As a check, the relapse rate in another group of thirty duodenal ulcer patients on a more varied rice diet at the Railway Hospital in Ratlam was determined over the same 5-year period.
Method
The patients were all male between 25 and 55 years with chronic but active ulcers confirmed by radiological evidence of deformity of the duodenal cap or an ulcer crater. They were admitted for a period of 4 to 6 weeks. The patients at the Bombay hospital were divided into two groups of twenty-one using randomized numbers. The groups were similar in age, duration of illness and dietary classification. The patients were followed-up bi-weekly for 6 months and then at 6-monthly intervals for 5 years. At each follow-up a detailed questionnaire was completed. Further barium meals were given as indicated. The patients on the 'masticatory' wheat diet adhered to the diet because they themselves realized the improvement in their symptoms.
Clinical assessment was made independently by two physicians in each hospital who were not connected with the trial and, in the Bombay hospital, who did not know which dietary group the patient was in. Another doctor checked that they were continuing their diet. The X-rays were also examined independently by a radiologist not connected with the trial and not knowing the group to which the patients belonged. In the Bombay series there was no difference between the two groups in weight or nutritional status at the beginning and end of the 5-year period.
Results
During their stay in hospital all patients became symptom-free within 2-4 weeks and were discharged when there was radiological evidence of healing at 4-6 weeks. The results of the follow-up are shown in Table 1 .
At the end of 1 year in the Bombay group on the masticatory wheat diet and no medicine, two (9%) (1975) .
The incidence of duodenal ulcer is high in the rice-eating areas of India, Pakistan and Bangladesh, and low in those areas of the Punjab and Rajasthan where the staple diet is unrefined wheat in the form of chapattis (Dogra, 1940; Hadley, 1959; Malhotra, 1964 Malhotra, , 1967c . This distribution fits in with the hypothesis of Cleave (1962) which relates the incidence of peptic ulcer to the consumption of refined carbohydrate food and especially sugar. He attaches importance to the buffering effect of unrefined foods. This has been questioned by Tovey (1974) .
The diet in the wheat-eating areas also contains more of the protective factors propounded by Cheney (Jayaraj, Tovey and Clark, 1976) . The author (Malhotra, 1967a (Malhotra, , 1970 ) also has produced evidence supporting the hypothesis that the amount of mastication required is important. The chapattis of the unrefined wheat diet naturally require much more mastication than the sloppier diet of the riceeating areas.
Several controlled studies have cast doubt on the efficacy of traditional 'gastric' diets in the treatment of peptic ulcer (Lawrence, 1952; Doll, Friedlander and Pygatt, 1956; Spira, 1956; Evans, 1957; Truelove, 1960; Doll, 1964; Gillespie, 1967) . LennardJones and Babouris (1965) showed that gastric acidity in twelve duodenal ulcer patients was no greater when they ate a completely 'free choice' diet than when they ate a typical 'therapeutic' diet as conventionally advised for peptic ulcer.
In all these studies the emphasis was on the pattern of diet and not on the pattern of eating. In the author's view both are important. It is not only what we eat but even more how we eat it that is relevant in peptic ulcer disease. The chewing movements of the jaw, and the patterns of diet and eating, increase not only the quantity of saliva secreted, but also bring about a rise in its mucus content and buffer S. L. Malhotra capacity (Dewar, 1952; Dewar and Parfitt, 1954; Malhotra, 1967b Malhotra, , 1968c . These result in a lowering of gastric acidity (Hadley, 1959; Malhotra, 1967a Malhotra, , 1970 .
In addition to the cereal fibre of unrefined carbohydrates, the amount of vegetable fibre in the diet is important. The mode of action of fibre is partly that it requires thorough chewing, producing mucusrich saliva. It also ferments in the bowel lumen, liberating large quantities of acetic acid (Popjack, French and Folley, 1951) . Shortchain fatty acids produce no contraction of the gall bladder, whereas long-chain fatty acids produce a powerful contraction (Sarles, 1965) . Milk and fermented milk products such as ghee butter and cheese (made by fermentation processes and not by creamery processes), yoghurt and especially yoghurt sherbet (made by vigorous churning of yoghurt with sugar and ice) are rich in short-chain fatty acids of the C4, C6 series. In all communities in which peptic ulcer is common long-chain (Cl8: 1) fatty acid triglycerides are predominant in the diet.
It has also been shown that a 'masticatory' diet is accompanied by lower urobilinogen output in the faeces. The reduced acidity in the stomach due to the increased amount of saliva and mucus on a high masticatory diet is accompanied by a reduced flow rate of bile and reduced gall-bladder contraction (Malhotra, 1967d (Malhotra, , 1968a ). Higher flow rates of bile result in a more alkaline bile (Hong, Magee and Crewdson, 1956) , whereas a longer storage in the gall bladder with the absorption of water and bicarbonate ions results in a more neutral bile (Magee, 1965) . The mucus of the mucous cells is rendered fluid and is lost from the cells in an alkaline environment. This can result in inflammatory changes (Ball and James, 1961; Lawson, 1964; Malhotra, 1967b) . Bile itself also damages the mucosa and leads to increased 'back diffusion' (Davenport, 1970) and gastritic changes (du Plessis, 1965). Lawson (1964) showed experimentally that bile in the stomach produces chronic atrophic gastritis which is a precursor of gastric ulcer (Rivers and Gardner, 1940; Spira, 1956; Malhotra, 1967b Malhotra, , 1970 . du Plessis (1965) found a high concentration of bile acid conjugates in the gastric juice of gastric ulcer patients and Capper (1969) found that they had a marked pyloric reflux of bile.
It is possible that increased reflux of bile into the duodenal cap may be a cause of duodenal ulcer also. In patients with both gastric and duodenal ulcers, it is always the duodenal ulcer which precedes the gastric ulcer. If acid alone were the cause without the involvement of bile the sequence would be different.
Conclusions
The results of the trial show that a well masticated unrefined wheat diet supplemented by milk and fermented milk products is successful in preventing relapses in patients with healed duodenal ulcers. The importance not only of a high-fibre unrefined diet but also of adequate chewing resulting in an increase in saliva and in its buffer capacity and reduced bile flow is stressed (Malhotra, 1966) .management of duodenal ulcer. wheat and rice diets in the
